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Horizontal coordinate information is referenced to the World Geodetic System 1994.
Introduction and Methods
A range-wide census is conducted collaboratively each spring by the U.S. Geological Survey, the California Department of Fish and Wildlife, the Monterey Bay Aquarium, and others to monitor trends in abundance and distribution of the southern sea otter (Enhydra lutris nereis), also known as California sea otters, and thus to provide State and Federal resource agencies with the information requested for effective management. The standardized census has been conducted and completed annually since 1982, except for 2011, when weather conditions prevented survey completion. The survey entails a combination of aerial and shore-based counts, providing an uncorrected and exhaustive count of the entire range of the sea otter in coastal California. Shore-based counts are used in all areas accessible by ground-based observers, except in regions where sea otters tend to be located far offshore (such as shallow, sandy embayments) where they are more difficult to count reliably from the shore. In these areas, aerial surveys are flown along contiguous transects oriented parallel to the shore and covering all areas between the coastline and the 60-meter (m) depth contour. Details of survey methods, as well as data and metadata from this survey and surveys from previous years, are available in Hatfield and others (2019) .
The spring 2019 mainland sea otter count began on May 1 and was completed by July 9, 2019. Overall viewing conditions in 2019 were very good, better than those encountered during the 2018 spring census (View Score=3.0 in 2019 compared to 2.4 in 2018, where 0=poor, 1=fair, 2=good, 3=very good, and 4=excellent). The surface canopies of kelp (predominantly Macrocystis pyrifera) were qualitatively noted by observers to be far below the seasonal normal in the central portions of the mainland range (from Monterey to Cayucos) and about normal near both ends of the mainland range. Sea otters along the mainland were surveyed from Pigeon Point in San Mateo County in the north to Santa Barbara Harbor in Santa Barbara County in the south ( fig. 1) 
California Sea Otter Census Results

Range-Wide Summary
The Southern Sea Otter Recovery Plan (U.S. Fish and Wildlife Service, 2003) recommends using the 3-year running average of total counts as the official metric for monitoring trends, thereby reducing the influence of anomalously high or low counts from any particular year. The 3-year average of combined counts from the mainland range and San Nicolas Island therefore represents the official index of relative abundance for southern sea otters, the current value of which is 2,962 (table 1).
Range-Wide Trends
There is a considerable degree of uncertainty (random variation owing to sampling and measurement error) in any 1-year count, and thus longer-term trends are far more informative than year-to-year differences. We therefore report trends over the past 5 years as  (the geometric mean of the annual rate of change λ) and as mean percent change. The annual λ values are computed by dividing the 3-year running average count by the equivalent value from the previous year. Thus, λ = 1 indicates a constant population or 0-percent change. Mean percent change is calculated from the mean rate of change as (  -1) × 100 percent.
The 3-year running average count of the mainland population is 2,863, a decrease of 5.7 percent from the previous-year value (table 1) . This decrease in the 3-year average is associated with a flattened 5-year trend for the mainland (-0.13 percent per year;  = 1.00). The high pupto-independent ratio observed in the spring of 2018 (22.5) in the mainland population dropped to a more typical value of 16.0 in 2019 (table 1). The 3-year running average total count of the San Nicolas Island population increased to 99 (table 1) , which continues a positive trend of about 9.58 percent per year (  = 1.10; fig. 2 ). The overall 5-year trend for southern sea otters (including both mainland and San Nicolas Island populations) is flat at 0.12 percent per year (  = 1.00).
Regional Trends
Regional trends in abundance within the mainland range can vary considerably. The 5-year trend for the center segment of the range, between Seaside and Cayucos ( fig. 3) , remains positive at 2.38 percent per year (  = 1.02). One factor possibly contributing to the positive trend in the central range is the recent increase in availability of sea urchins and mussels (sea otter prey), a phenomenon that likely has several causes including the ecological absence of the predatory sunflower star, Pycnopodia helianthoides, from a sea star wasting disease (Burt and others, 2018) . This surge in prey availability might explain the larger number of sea otters in this part of the range over the last several years compared to the long-term average. As previously noted by Hatfield and others (2018) , the slowing trend in this area suggests a limit to the potential growth owing to the prey subsidy.
The pattern is different to the north of the central region, with a 5-year trend of -8.72 percent per year (  = 0.91). The 5-year trend in the southern region was also negative this year (-1.62 percent per year with  = 0.98; fig. 3 ). The trends in the northern and southern regions are consistent with elevated observations of shark-bite mortality in recent years in these outer regions of lower population density (fig. 4) . The specific areas where the population trends are most negative are in the north from Davenport to north Monterey Bay and in the south from Pismo Beach to Lompoc (fig. 5 ). These areas tend to have little or no kelp canopy and thus represent high-risk areas for sea otters, as the presence of kelp is believed to provide some degree of refuge from shark bites (Tinker and others, 2015; Nicholson and others, 2018) .
There is no evidence of population growth in the 2019 range-wide 5-year trend, nor in many areas to the north and to the south of the central region (areas from which future range expansion would occur; fig. 5 ; Tinker and others, 2008; Lafferty and Tinker, 2014) . Using the northern range extent calculated in 2018, the 5-year trend in sea otter counts was positive in the northern 30 kilometer (km) of the range at 9.4 percent growth per year and negligible in the southern 30 km of the range at 0.55 percent growth per year. 
Geographic Distribution
The mainland population of the southern sea otter is descended from a small, remnant population in Big Sur that survived the North Pacific fur trade. Because of this historical pattern of depletion and recovery, the population has been slowly expanding to the north and south along the California coast from the source location in Big Sur. The rate of range expansion to the north and south has varied over time, and traditionally the rate of spatial spread has been faster to the south (Lubina and Levin, 1988) than to the north. Because of the one-dimensional nature of the California coast, the location of the northern and southern range boundaries can be described using the "ATOS" line (the "As The Otter Swims" line). The ATOS line is a linear axis described as a series of points spaced regularly at 500-m intervals along the 10-m depth contour. A value of 0 is arbitrarily assigned to the ATOS point at the southern tip of the Golden Gate Bridge in San Francisco, and then ATOS values increase as one moves south along the coast, with ATOS 1111 corresponding to Point Conception. To standardize descriptions of the sea otter distribution in California, the officially recognized mainland range boundaries are defined by combining independent sea otters within a moving window of 10-km stretches of coastline (20 contiguous ATOS intervals each) and taking the northern and southern ATOS values, respectively, of the northernmost and southernmost stretches in which at least 5 otters were counted for at least 2 consecutive spring surveys during the last 3 years.
The northernmost sea otters detected in the 2019 mainland survey were near Point Año Nuevo (ATOS 180) again this year. At the southern end of the mainland range, 102 sea otters were counted southeast of Point Conception, 67 more than were counted in 2018. Only one sea otter was counted this year southeast of Gaviota State Beach (ATOS 1162; the same number as last spring), with this animal being observed approximately 25 km east of Gaviota State Beach. Owing to limited availability of the survey aircraft and pilots, we were unable to survey north of Pigeon Point to Pillar Point this year. As a result, the official northern range limit cannot be calculated. However, there have been very few credible reports of stranded or live sea otters north of Pigeon Point during the previous year. It is highly unlikely that many sea otters occur beyond Pigeon Point this year. The southern limit of the official sea otter range along the mainland coast expanded very slightly from 2018 ( fig. 6 ) by one ATOS unit and is about 4.5 km west of Gaviota State Beach (ATOS 1154; fig. 1 ). 
